Abstract. The aim of this study was to investigate if reconstructed felid embryos obtained by intraspecies or intergeneric cloning can develop in vitro. Fibroblast cells (f) from a domestic cat (DCf), marbled cat (MCf) and bovine (Bf) were used as donor cells, and oocytes (o) from domestic cats (DCo) and bovine (Bo) were used as recipient cytoplasts. There were two intraspecies (donor cell + recipient cytoplast: DCf + DCo and Bf + Bo) and three intergeneric (MCf + DCo, DCf + Bo and MCf + Bo) cloning groups in the study. In Experiment 1, the effects of manipulation media, modified or Emcare holding medium (EHM), on in vitro development of DCf + DCo embryos were investigated. The blastocyst formation rate (BFR) of the embryos manipulated in EHM (33.3%) was higher (P<0.05) compared with those manipulated in 199H (18.1%). In Experiment 2, DCf + DCo and MCf + DCo embryos were cocultured with or without domestic cat oviductal epithelium cells. Irrespective of coculture, the same BFR was obtained for DCf + DCo embryos (44.4 vs. 38.0%), while MCf + DCo embryos could not develop beyond the morula stage. In experiment 3, although the development of MCf + DCo and DCf + Bo embryos was arrested at the morula stage, 8.6% of MCf + Bo embryos were able to develop to the blastocyst stage. These results demonstrated that EHM was superior to 199H as an embryo manipulation medium and that the DCo and Bo could support the early embryonic development of intergeneric cloned marbled cat embryos up to the morula stage. However, postimplantation development still needs to be investigated. Key words: Bovine cytoplast, Development, Felid embryos, Intergeneric cloning, Marbled cat (J. Reprod. Dev. 57: [385][386][387][388][389][390][391][392] 2011) is the world's first domestic cat (DC) cloned using an adult somatic cell as a donor nucleus [1] . To date, several reports have successfully documented domestic kittens [2] [3] [4] [5] cloned by NT. There are many efforts currently underway to study the conservation of endangered felid species. In order to preserve and increase the numbers of endangered felid species such as the African wildcat [6, 7] , leopard cat [3, 8], marbled cat (MC; Pardofelis marmorata) [9] and sand cat [10], nuclear transfer (NT) has been used to produce cloned embryos.
(J. Reprod. Dev. 57: [385] [386] [387] [388] [389] [390] [391] [392] 2011) is the world's first domestic cat (DC) cloned using an adult somatic cell as a donor nucleus [1] . To date, several reports have successfully documented domestic kittens [2] [3] [4] [5] cloned by NT. There are many efforts currently underway to study the conservation of endangered felid species. In order to preserve and increase the numbers of endangered felid species such as the African wildcat [6, 7] , leopard cat [3, 8] , marbled cat (MC; Pardofelis marmorata) [9] and sand cat [10] , nuclear transfer (NT) has been used to produce cloned embryos.
Interspecies or intergeneric NT is a high potential technique for conserving a number of endangered species. One such species is the MC, a wildcat that is considered at risk of extinction in Southeast Asia. The size of the MC is larger than a big DC, and it has a base fur color that ranges from brownish to grey with a pattern of irregular dark marbled blotches and spots outlined with black strips. The declining population could be attributed to poaching and human destruction of the natural ecosystem. Although the remaining population of the MC is not known, the International Union for the Conservation of Nature and Natural Resources (IUCN) classifies the MC as intermediate and the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) has listed the MC as endangered in Appendix I. Since endangered species have a limited supply of recipient oocytes, the oocyte cytoplasm of domestic species, such as the bovine, sheep, rabbit, DC and dog, has been used for dedifferentiation of the somatic cell nucleus from the rat, pig, monkey, sheep [11] , gaur [12] , buffalo [13] , giant panda [14] , banteng [15] , wolf [16] , goat [17] monkey [18] , human [19, 20] and several felid species [6] [7] [8] [9] [10] 21] . Gomez et al. [10] suggested that DC oocytes can be used for wildcat preservation by interspecies or intergeneric NT techniques. This hypothesis was proven by the cloned kitten offspring of African wildcats and sand cats [7, 10] . Furthermore, Thongphakdee et al. [9] demonstrated that rabbit oocytes could support the development of intergeneric cloned MC embryos to the blastocyst stage but that DC oocytes could not. To date, there has been only one report on feline cloning using bovine oocytes as recipient cytoplasts [22] .
Therefore, the main objective of this study was to determine the in vitro development of intergeneric cloned MC embryos using MC fibroblast cells as donor cells with DC and bovine oocytes as recipient cytoplasts. We also investigated the effect of manipulation media during NT procedures and culture systems on the in vitro development of cloned felid embryos.
Materials and Methods

Chemicals
Unless stated otherwise, all reagents were purchased from Sigma Chemical (St. Louis, MO, USA).
Nomenclature
As mentioned below, five groups of embryos were produced in this study. Groups one and two were composed of embryos derived from intraspecies cloning using donor cell and oocytes (recipient cytoplasm) were from the same species. Groups three to five were composed of embryos derived from intergeneric cloning using donor cell and recipient cytoplasm from different genera. Group 1. DCf + DCo : Domestic cat fibroblasts (DCf) reconstructed with domestic cat oocytes (DCo).
Group 2. Bf + Bo: Bovine fibroblasts (Bf) reconstructed with bovine oocytes (Bo).
Group 3. DCf + Bo: Domestic cat fibroblasts (DCf) reconstructed with bovine oocytes (Bo).
Group 4. MCf + DCo: Marbled cat fibroblasts (MCf) reconstructed with domestic cat oocytes (DCo).
Group 5. MCf + Bo: Marbled cat fibroblasts (MCf) reconstructed with bovine oocytes (Bo).
Preparation of donor cells
Ear skins of a single DC, MC and bovine (B) were used as donor fibroblast cells (DCf, MCf and Bf, respectively). The ear skins were cut into small pieces (1 mm × 1 mm) and then placed in a 60-mm culture dish (Nunc, Roskilde, Denmark) and covered with a glass slide. Alpha-modified minimum essential medium (αMEM) supplemented with 10% FBS was added in the dish, and the skin cells were cultured at 37 C in an atmosphere of 5% CO2 in air. After eight to 10 days of culture, monolayer outgrowth of cells with fibroblastic morphology was observed. The fibroblasts were passaged once or twice to increase the cell numbers before freezing in culture medium supplemented with 10% (v/v) dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany) and stored in liquid nitrogen for further use. At two days before SCNT, the frozen fibroblasts were thawed and cultured in αMEM containing 10% FBS. At subconfluence, the fibroblasts were digested with trypsin/ EDTA to separate the monolayer fibroblasts into single cells before using them as donor cells.
In vitro maturation of recipient oocytes
Domestic cat oocytes (DCo): The female domestic cats (nine to 36 months of age) used as the oocyte donors were cared for using procedures that exceeded the standards established by the guide for Laboratory Animal Care of Suranaree University of Technology. Healthy female cats were selected and treated with 200 IU equine chorionic gonadotropin (eCG, Intervet, Boxmeer, Netherlands). Five days later, their ovaries were collected by ovariohysterectomy and sliced with a 21-gauge needle to release the cumulus-oocyte complexes (COCs). The COCs were collected and matured in TCM 199 supplemented with 0.36 mM sodium pyruvate, 2.2 mM calcium lactate, 2 mM L-glutamine, 1.13 mM cysteine, 0.3 mg/ml bovine serum albumin (BSA), 0.5 IU/ml eCG and 1 IU/ml human chorionic gonadotropin (hCG, Intervet) for 24 h at 38 C in an atmosphere of 5% CO2, 5% O2 and 90% N2.
Bovine oocytes (Bo): Abattoir-derived bovine ovaries were transported to the laboratory within 4 h after retrieval. The COCs were collected by aspiration from 2-to 6-mm follicles using an 18-gauge needle attached to a 10-ml syringe. The COCs were matured in TCM199 supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco, NY, USA), 0.02 AU/ml follicle stimulating hormone (FSH, Antrin, Kawasaki Seiyaku, Kawasaki, Japan), 50 IU/ml hCG and 1 μg/ml estradiol-17β for 21 h at 38.5 C in an atmosphere of 5% CO2 in air.
Preparation of recipient cytoplasts
After maturation culture, the expanded cumulus cells were removed from the cat and bovine COCs by repeated pipetting in modified Dulbecco's phosphate buffered saline (mDPBS) supplemented with 0.2% hyaluronidase. The oocytes that had extruded a first polar body (MII oocyte) were selected for NT. In this study, the cat MII oocytes were manipulated in either 25 mM HEPES-buffer TCM-199 supplemented with 10% FBS (199H) or the Emcare holding medium (EHM, ICPbio, Auckland, New Zealand) as the NT manipulation media, while bovine MII oocytes were manipulated in EHM. The selected MII oocytes were transferred to NT manipulation media supplemented with 5 μg/ml cytochalasin B (CB). The nuclei were removed (enucleated) using a sharp micropipette with Narishige micromanipulators (MN-188NE, Narishige, Tokyo, Japan) to cut the zona pellucida above the first polar body. Then the first polar body and metaphase plate were squeezed out with a small volume of surrounding cytoplasm.
Successful enucleation of each oocyte was confirmed by 5 μg/ml Hoechst 33342 staining of the corresponding karyoplast that was squeezed out and observed under a fluorescence microscope (IX71, Olympus, Tokyo, Japan). Then the enucleated oocytes were held in each manipulation media for further steps.
Nuclear transfer (NT) and embryo culture
NT using domestic cat oocytes (DCo) as recipient cytoplasts: A single domestic cat (DCf) or marbled cat fibroblast (MCf) was inserted into the perivitelline space of an enucleated DCo. Then, the cytoplast/cell couplets were equilibrated in fusion medium [6] containing 0.3 M mannitol and 0.1 mM magnesium chloride and transferred to a fusion chamber whose fusion electrodes were already attached to the micromanipulator. Each couplet was placed between the tips of fusion electrodes, and then a double direct current pulse of 30 V for 30 μsec was delivered by an electrofusion machine (Voltrain EP-1, Cryologic, Victoria, Australia). After 45 min, the fused oocytes were visually evaluated by confirming the presence (not fused) or absence (fused) of the donor cell in the perivitelline space. The fused couplet was then activated with 7% ethanol for 5 min followed by incubation in manipulation media supplemented with 10 μg/ml cycloheximide (CHX) and 1.25 μg/ml cytochalasin D (CD) for 5 h at 38 C in an atmosphere of 5% CO2, 5% O2 and 90% N2. After activation, the reconstructed embryos were cultured as previously described by Gomez et al. [6] . Briefly, cloned embryos were cultured in Tyrode's medium supplemented with 1% MEM nonessential amino acids (NEAA), 0.3 mg/ml BSA, 0.36 mM sodium pyruvate, 2.2 mM calcium lactate and 2 mM Lglutamine (Ty I-medium) at 38 C in an atmosphere of 5% CO2, 5% O2 and 90% N2. Two days after culture, eight-cell stage embryos were selected and cultured in Ty I-medium without BSA, supplemented with 2% MEM essential amino acid (EAA) and 10% FBS (Ty II-medium) for six days at 38 C in an atmosphere of 5% CO2, 5% O2 and 90% N2.
NT using bovine oocytes (Bo) as the recipient cytoplast: Bovine NT and subsequent embryo culture were conducted according to previously described methods [23] . Briefly, one each of a MCf or Bf was inserted separately into the perivitelline space of an enucleated Bo. The cytoplast/cell couplets were fused in the Zimmermann fusion medium, and cell fusion was induced with a double DC pulse of 24 V for 15 μsec generated by a fusion machine (SUT F-1, Suranaree University of Technology, Nakhon Ratchasima, Thailand). The number of couplets successfully fused was recorded at 45 min after electrostimulation. The fused couplets were activated by the same procedures as described above for domestic cat oocytes except that the couplets were cultured at 38.5 C under 5% CO2 in air. The reconstructed embryos were further cultured in mSOFaa medium for two days in an atmosphere of 5% CO2, 5% O2 and 90% N2 at 38.5 C. Thereafter, the embryos at the eight-cell stage were selected and cocultured with bovine oviductal epithelium cells in mSOFaa medium for six days at 38.5 C in an atmosphere of 5% CO2 in air.
Embryonic cell count
After in vitro culture for eight days, the zonae pellucidae of embryos at the blastocyst stage were removed by exposure to 0.5% protease for 3-5 min and washed in mDPBS supplemented with 0.1% polyvinylpyrolidone (PVP). The zona-free embryos were stained with 10 μg/ml Hoechst 33258 for 10 min. The embryos were then mounted with glycerol on glass slides and covered with cover slips. The embryonic cell nuclei of the mounted embryos were then counted under an ultraviolet light fluorescence microscope.
Experimental design
Experiment 1 was carried out to investigate the effect of NT manipulation mediums, 199H and EHM, on in vitro development of cloned domestic cat (DCf+DCo) embryos. Fusion, cleavage and blastocyst formation rates of NT embryos were determined, and the total cell numbers of the blastocysts were assessed. The better manipulation medium, EHM, was used for further experiments.
Experiment 2 was carried out to investigate the effect of coculture with domestic cat oviductal epithelium cells (DOECs) on the development of cloned domestic cat (DCf + DCo) and marbled cat (MCf + DCo) embryos. The DCf+DCo and MCf+DCo embryos were cultured in Ty I-medium for two days. Next, for coculture, 50 clumps of blastocyst-like structure with actively moving ciliate DOEC were added to 100 μl droplets of Ty II-medium together with 10 eight-cell stage embryos then cultured at 38 C under humidified atmosphere of 5% CO2 in air for six days. Half of the medium was change daily. For non-coculture, 10 eight-cell stage embryos were cultured in Ty II-medium at 38 C in an atmosphere of 5% CO2, 5% O2 and 90% N2 for six days, and half the volume of medium was replaced daily. The development of the cloned marbled cat embryos obtained in each culture system was compared with that of the cloned domestic cat embryos.
Experiment 3 was designed to investigate if domestic cat and bovine oocytes can support the development of intergeneric cloned marbled cat embryos. The fibroblasts of either a domestic cat or marbled cat were transferred into both enucleated domestic cat and bovine oocytes followed by fusion and activation, and then the reconstructed embryos were cultured under different culture systems depending on the oocyte specific system as described above. The fusion, cleavage and in vitro development rates to the blastocyst stage were evaluated.
Statistical analysis
Experiments were repeated at least four times in each treatment group. Data were analyzed by ANOVA using the Statistical Analysis Systems (SAS) software. A probability value of P<0.05 was considered significant.
Results
Experiment 1
As shown in Table 1 , when manipulated in EHM, domestic cat NT embryos showed a significantly higher blastocyst formation rate than that of those manipulated in 199H. Also the fusion rate was significantly higher for NT embryos manipulated in EHM (73.3%) than that for NT embryos manipulated in 199H (63.7%). Thus, it can be suggested that EHM can support the in vitro development of cloned domestic cat better than 199H. However, the rates of cleavage and development to the eight-cell stage for cloned domestic cat embryos manipulated in 199H (82.9 and 72.7%, respectively) were not different from the embryos manipulated in EHM (89.2 and 66.7%, respectively). The total cell number of cloned blastocysts from embryos manipulated in 199H was not different from that obtained from embryos manipulated in EHM (521 ± 9.2 and 537 ± 7.6, respectively). Considering the higher blastocyst formation rate of NT embryos manipulated in EHM compared with those manipulated in 199H, EHM was used as the manipulation medium in the subsequent experiments.
Experiment 2
As shown in Table 2 , MCf has a similar capacity to fuse with an enucleated DCo as DCf (75.1 and 82.7%, respectively). There were no significant differences in cleavage (84.9 and 89.3%, respectively) or developmental rate to the eight-cell stage (60.5 and 53.3%, respectively) between DCf + DCo and MCf + DCo embryos. Also, there were no significant differences in the developmental rates to the morula stage for both embryos between the non-coculture and coculture systems (59.3 vs. 48.0% and 28.6 vs. 32.6%, respectively). However, in both the non-coculture and coculture systems, the development to the morula stage of the DCf + DCo embryos was significantly higher than that of the MCf + DCo embryos. The blastocyst formation rate of the DCf + DCo embryos was not significantly different between the non-coculture and coculture systems (44.4 and 38.0%, respectively). In contrast, MCf+DCo could not develop beyond the morula stage. The mean cell numbers of 10 stained DCf + DCo blastocysts produced using non co-culture and co-culture systems were not significantly different (519 ± 7.6 and 518 ± 30.4 cells, respectively).
Experiment 3
The in vitro development of intraspecies and intergeneric cloned felid and bovine embryos is shown in Table 3 . When compared within NT embryos reconstructed with the same cytoplasts (DCo or Bo), there were no differences in fusion rates among them; however, Bo cytoplasts showed significantly higher (P<0.05) fusion rates (81.7-84.6 %) than DCo cytoplasts (74.2-76.8 %). The cleavage rates of DCf + DCo and MCf + DCo (86.5 and 86.3%, respectively) tended to be lower compared with those of DCf + Bo and MCf + Bo embryos (90.9 and 93.5%, respectively); however, the data were not significantly different (P>0.05, Table  3 ). The developmental rates to the eight-cell stage for DCf + DCo Fig.1 ) than the intergeneric cloned marbled cat embryos (MCf + Bo, 8.6%). In contrast, MCf + DCo embryos also did not develop to the blastocyst stage. The total embryonic cell numbers of the intraspecies cloned domestic cat and bovine blastocysts were 536 ± 13.9 cells and 127 ± 1.8 cells, respectively (Table  3 , Fig. 1) . However, the cell number of the blastocysts derived from MCf + Bo was only 16 ± 0.4 cells (Fig. 2b) , which was much lower than those of both intraspecies cloned blastocysts. Although the blastocyst cell number of these intergeneric cloned embryos was low, blastocyst-like morphology similar to blastocoel formation was observed in them. Therefore, we labeled this morphology as blastocyst-like embryos (Fig. 2) .
Discussion
Domestic cat NT has served as a valuable model for the Assisted Reproductive Technology (ART) studies of endangered felid species. To date there have been several reports describing the source [3, 24, 25] and modification [2, 6] of the donor cells and the nuclear transfer procedures [6, 26] that have effects on the in vitro development of cloned domestic cat embryos. However, the effect of the holding medium used for manipulating the cat oocyte during NT procedures on subsequent in vitro development has not yet been reported. In this study, we demonstrated that EHM could support development to the blastocyst stage of cloned domestic cats better than 199H medium. During normal NT procedures, the oocytes were held in a holding (manipulation) medium buffered with zwitterionic buffer in a CO2-free atmosphere. HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) is an organic zwitterionic buffer commonly used to maintain the pH levels of basal medium in cell culture. HEPES is usually added to in TCM 199 or Tyrode's medium to produce a holding medium for manipulating the oocyte during the NT process [3, 6, 9, 24] . The EHM is a commercial medium used in the embryo transfer industry, but its composition is not provided by the manufacturers. However, they claim that it has an optimized nutritional composition to enhance embryo development and contains morpholinopropane sulfonic acid (MOPS), an inert zwitterions buffer that provides a more stable microenvironment. A possible explanation for EHM's ability to promote a high rate of embryo development to the blastocyst stage might be due to the lower toxicity of this buffer medium compared with 199H (TCM 199 supplemented with HEPES). We also applied this NT procedure to study intergeneric NT by fusing the ear fibroblasts of the marbled cat with enucleated oocytes of the domestic cat. The results showed that the cloned marbled cat embryos arrested at the morula stage. Therefore, we designed a coculture system in an experiment to improve the embryonic development of cloned marbled cat embryos whose development was arrested in a conventional in vitro culture system. Several studies have shown that coculture of embryos with somatic cells can enhance the in vitro development of sheep, bovine, porcine and goat embryos [27] [28] [29] [30] . Numerous cell lines have been used to prepare monolayers of feeder cells such as Vero cells [31, 32] and buffalo rat liver (BRL) cells [27] ; however, the epithelial cells of the reproductive tract are probably the most physiologically appropriate cells for coculture [33] . For in vitro coculture of domestic cat embryos, DOECs and BRL cells have been commonly used [24, 34] . The favorable effect of a coculture system could be explained by the secretion of beneficial embryotrophic factors [35] , the resultant increase of intracellular glutathione contents of the embryos [30] or a direct cell-to-cell contact surface with the embryos, which may mimic the natural environment [36] . However, the results from this study demonstrated that coculture with DOECs did not improve the rate of cloned domestic cat embryos developed to the blastocyst stage or the total cell numbers of the obtained blastocysts. In addition, the coculture system did not support development to the blastocyst stage of the intergeneric NT marbled cat embryos, suggesting that coculturing with DOECs did not have any beneficial effects on the development of the NT felid embryos. Although a possible reason for this discrepancy is not clear, it may be related to the activity of DOEC. At the beginning of IVC, the DOECs are swollen by the active movement of cilia; however, after IVC in different culture media, at lower temperatures and under lower oxygen tension, the DOECs withered, and no movement was detected. Thus, it might be suggested that the Tyrode's medium and environment used in this coculturing study might not be able to support DOEC growth, resulting in loss of the beneficial effect from this coculture. The result of this study was consistent with a previous report [9] showing that the domestic cat oocyte could not support development of cloned marbled cat embryos to the blastocyst stage. Therefore, we decided to use bovine oocytes as recipient cytoplasts to study their feasibility for the successful intergeneric cloning of the marbled cat because a previous study had shown that bovine oocytes could support development of intergeneric cloning for various mammalian species [11] . Thongphakdee et al. [22] showed that development of domestic cat clone embryos reconstructed with bovine oocytes was arrested at the eight-cell stage. In this study bovine oocytes were able to dedifferentiate felid species' (domestic and marbled cats) somatic nuclei and support development of the intergeneric cloned (DCf + Bo and MCf + Bo) embryos beyond the eight-cell stage; although the development of DCf + Bo embryos was arrested at the morula stage, the MCf + Bo embryos were able to develop to the blastocyst stage. However, the total cell numbers of those blastocyst embryos were so low compared with the intraspecies cloned domestic cat and bovine blastocysts that we labeled them as blastocyst-like embryos. It was of interest that the same kind of morphology has also been reported in intergeneric cloned monkey embryos when reconstructed using bovine cytoplasts [18] . Furthermore, considering the fact that Yin et al. [2] succeeded in producing cloned domestic kittens by transferring the cloned domestic cat embryos with morphology and total cell numbers similar to those in our study into the oviduct of the recipients, this same in vivo environment after embryo transfer might have supported the development of embryos through implantation till the birth of kittens [2] .
Currently, bovine oocytes have been used as recipient cytoplasts in several interspecies and intergeneric cloning studies, such as in the gaur [12] , buffalo [13] , banteng [15] , dog [37] and human [19] , and they have been successful in supporting blastocyst formation. Alternatively, not every species has been able to develop to the blastocyst stage when reconstructed with bovine oocytes; it has been reported that cloned mouse [38] , equine [39] and domestic cat [22] embryos derived from fibroblasts arrested their development at the eight-cell stage, which is similar to this study. In addition, rabbit oocytes were able to the dedifferentiate somatic cell nuclei of several species, especially cloned intergeneric domestic cats [26] . Furthermore, although rabbit oocytes were able to support the development of intergeneric NT embryos to the blastocyst stage when reconstructed with marbled cat somatic cells, domestic cat oocytes could not support the development [9] . The same result was obtained in this study. In contrast, domestic cat oocytes successfully supported the development of interspecies NT embryos reconstructed with African wildcat [7] and sand cat [10] somatic cells to the blastocyst stage, and even kittens were obtained after ET. While African wildcat, sand cat and DC are the same genus (Felis), MC belongs to a different genus (Pardofelis), and it can be suggested that the taxonomic distance between the donor and recipient species might be too far, resulting in the DCo not being able to support the development of the NT embryos [40] . Although the use of oocytes from a different genus as recipient cytoplasts in intergeneric NT seems to be efficient for a few mitotic divisions of the resultant cloned embryos, this combination of donor and recipient cells might not lead to the complete nuclear-cytoplasmic events needed for development of cloned embryos, since heteroplasmy or mitochondrial incompatibilities might occur at the time of genomic activation [14, 18, 26, 38, 39] . Furthermore, our recent study showed that MCf + DCo intergeneric SCNT resulted in abnormal transcriptional levels of Oct-4, DNMTs, HAT1 and HDAC1 genes, which might be involved in the low developmental potential of these reconstructed embryos [41] . These results indicated that interaction between the nucleus of the donor cell and cytoplast-specific factors may be involved in nucleus-cytoplasmic compatibility and successful reprogramming of the donor nucleus. Oocyte factors stored in the cytoplasm, and the exchange of these cytoplast factors may be species specific and play a pivotal role in dedifferentiating and reprogramming of somatic cell nuclei [14, 42] .
In vitro embryo developments are inhibited at a specific stage depending on the species. There is a morula-to-blastocyst block for domestic cat embryos [33] and an eight-cell block for the bovine embryos [43] . Although the maternal zygotic transition has the key role in the in vitro development of cloned embryos, the timing of its transition is cytoplast specific or donor nuclei specific in intergeneric cloned embryos; however, the specificity has not yet been determined [11] . Our results demonstrated that the development of intergeneric cloned marbled cat embryos was influenced by recipient cytoplasts or recipient cytoplast specific because the embryos reconstructed with bovine oocytes could develop to the blastocyst stage, while domestic cat oocytes could not support the development beyond the morula stage.
In conclusion, the manipulation medium for NT embryos has an influence on the in vitro development of cloned domestic cat embryos; EHM was able to both increase the blastocyst formation rate of reconstructed domestic cat embryos and the efficiency of NT. When reconstructed with domestic cat oocytes, the development of intergeneric cloned marbled cat embryos was arrested at the morula stage. Additionally, the coculture system could not support the in vitro development of such intergeneric cloned embryos to the blastocyst stage. On the other hand, the bovine oocytes were able to support dedifferentiation of the marbled cat, and the resultant reconstructed embryos could be develop to the blastocyst stage. However, further in-depth experiments are needed to study the in vivo development of intergeneric cloned marbled cat embryos to determine (1) whether the culture medium for intergeneric cloned embryos obtained in this study is suitable as the culture medium for the donor nuclei or the recipient cytoplasts and (2) if some essential factors for the successful cloning might be different according to the recipient cytoplast. These studies are needed for further work in intergeneric NT propagation of endangered felid species.
